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unfavorable TB treatment outcomes among Indian men

S. R. Cox," A. N. Gupte,' B. Thomas,? S. Gaikwad,? V. Mave,'# C. Padmapriyadarsini,?

T. R. Sahasrabudhe,> D. Kadam,? N. Gupte,'4 L. E. Hanna,?2 A. Kagal,? M. Paradkar,"4.6

K. Thiruvengadam,? D. Jain,* S. Atre,'56 K. Sekar,?2 S. Raskar,"#¢ S. V. B. Y. Shivakumar,'-6

R. Santhappan,? S. Deshmukh,'46 N. Pradhan,4¢ V. Kulkarni,14® A. Kakrani,> M.S. Barthwal,>
T. Sawant,®> A. DelLuca,’ N. Suryavanshi,’4® G. Chander,' R. Bollinger,? J. E. Golub," A. Gupta'

Johns Hopkins University (JHU), School of Medicine, Baltimore, USA; ?National Institute of Research in
Tuberculosis (NIRT), Chennai, 3Byramjee Jeejeebhoy Government Medical College (BJGMC) and Sassoon General
Hospital, Pune, “BJGMC Clinical Research Site, Pune, *Dr DY Patil Medical College Hospital and Research Centre, Dr
DY Patil Vidyapeeth, Pune, ¢Johns Hopkins India Private Limited, Pune, India

SUMMARY

BACKGROUND: Approximately 10% of incident TB
cases worldwide are attributable to alcohol. However,
evidence associating alcohol with unfavorable TB
treatment outcomes is weak.

METHODS: We prospectively evaluated men (>18
years) with pulmonary TB in India for up to 24 months
to investigate the association between alcohol use and
treatment outcomes. Unhealthy alcohol use was defined
as a score of >4 on the Alcohol Use Disorders
Identification Test-Concise (AUDIT-C) scale at entry.
Unfavorable TB treatment outcomes included failure,
recurrence, and all-cause mortality, analyzed as com-
posite and independent endpoints.

RESULTS: Among 751 men, we identified unhealthy
alcohol use in 302 (40%). Median age was 39 years
(IQR 28-50); 415 (55%) were underweight (defined as
a body mass index [BMI] <18.5 kg/m?); and 198

(26%) experienced an unfavorable outcome. Un-
healthy alcohol use was an independent risk factor
for the composite unfavorable outcome (adjusted
incidence rate ratio [aIRR] 1.47, 95% CI 1.05-2.06;
P=0.03) and death (aIRR 1.90, 95% CI 1.08-3.34; P=
0.03), specifically. We found significant interaction
between AUDIT-C and BMI; underweight men with
unhealthy alcohol use had increased risk of unfavor-
able outcomes (alRR 2.22, 95% CI 1.44-3.44; P <
0.001) compared to men with BMI >18.5 kg/m? and
AUDIT-C <4.

CONCLUSION: Unhealthy alcohol use was indepen-
dently associated with unfavorable TB treatment out-
comes, highlighting the need for integrating effective
alcohol interventions into TB care.

KEY WORDS: mortality; failure; recurrence; adverse
outcomes; AUDIT

TB is the number one infectious cause of death
worldwide, accounting for over 1.4 million deaths
annually.! Much attention has been focused on HIV
and more recently, on smoking, diabetes and under-
nutrition as risk factors for adverse TB treatment
outcomes, but relatively little attention has been paid
to alcohol. Alcohol consumption is a well-described
risk factor for developing TB disease, with approx-
imately 10% of incident TB cases worldwide
attributable to alcohol.>*

India has the world’s largest burden of TB, with
over 2.6 million cases reported in 2019, which
accounted for 26% of all cases globally.! India’s

*BT, SG, VM, CP, TRS, and DK contributed equally to this
manuscript.

strategic plan for TB cites management of comorbid-
ities, including alcohol dependence, as a key strategy
for improving treatment success.® Alcohol use is on
the rise in India, with alcohol per capita consumption
increasing by 3.3 L from 2005 to 2016.%7 Among
men, prevalence of alcohol use disorders doubled in
just 5 years (4.5% in 2010 to 9.1% in 2016).7:8
Several studies have demonstrated that alcohol use is
high among patients with TB; 25-55% of Indian
patients with TB are estimated to have unhealthy
alcohol use.”-1°

Considering India’s high TB burden and recent rise
in alcohol consumption, it is critical to study the
association between alcohol use and TB treatment
outcomes in this context. A recent systematic review
found that less than 20% of studies of alcohol and TB
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outcomes used high-quality definitions for alcohol
use. Furthermore, studies from TB-endemic settings
were underrepresented, and few studies adjusted for
important confounders such as low body mass index
(BMI).1¢ Studies from TB-endemic settings using
validated epidemiological tools for measuring alcohol
exposure and its association with TB treatment
outcomes, independent of comorbidities, are there-
fore urgently needed.

To address this gap in the literature, we used the
validated Alcohol Use Disorders Identification Test-
Concise (AUDIT-C) scale to determine whether
unhealthy alcohol use was independently associated
with unfavorable TB treatment outcomes among men
with drug-susceptible pulmonary TB (PTB) in well-
defined longitudinal cohorts in India.'”

METHODS

Study design and population

We pooled data from two prospective cohort studies
in India—Cohort for TB Research by the Indo-US
Medical Partnership (CTRIUMPh) and the Impact of
Diabetes on TB Treatment Outcomes (TBDM) study
conducted at the Byramjee Jeejeebhoy Government
Medical College (BJGMC) and Dr DY Patil Vidya-
peeth, both in Pune, and the National Institute for
Research in Tuberculosis (NIRT) in Chennai, In-
dia.18:1% Both studies followed similar protocols for
TB case recruitment, systematic follow-up, alcohol
use classification and outcome assessment. From
December 2013 to November 2018, adults (>18
years) with microbiologically confirmed or clinically
suspected PTB were enrolled within 1 week of
treatment initiation. Participants with multidrug-
resistant TB (MDR-TB) or HIV were excluded
(TBDM study only). All participants received TB
treatment in accordance with India’s standard guide-
lines.20 We assessed outcomes during treatment and
up to 18 months following treatment completion.

Definitions

At entry, we administered the standardized AUDIT-C
questionnaire, which has been validated in India.?!
The AUDIT-C is a three-item questionnaire with
scores ranging from 0 to 12 points. Individuals with
AUDIT-C > 4 were categorized as having unhealthy
alcohol use. This cut-off was shown to have optimal
sensitivity and specificity based on a prior validation
study.??

Unfavorable TB treatment outcomes included
failure, recurrence or death. Treatment failure was
defined as testing positive for TB on sputum
microscopy or culture during the last 2 months of
treatment. TB recurrence was defined as testing
positive for TB on sputum microscopy or culture
following successful treatment completion. Death

was defined as all-cause mortality within 24 months
of treatment initiation.

Detailed clinical and sociodemographic data were
collected at baseline. Severely underweight was
defined as having a BMI of <16.5 kg/m?, under-
weight as BMI 16.5-18.4 kg/m?2, normal weight as
18.5-24.9 kg/m?, and overweight as BMI >25 kg/
m?2.23 Diabetes was defined as glycated hemoglobin
(HbA1c) >6.5%, or random blood glucose >200 mg/
dL before physician diagnosis. Smoking was defined
as current or previous use of tobacco. Participants
with monthly household income less than INR5000
(~USD70) were considered to be living in poverty.2*
A participant lost to follow-up (LTFU) was defined as
incomplete treatment, >2 consecutive visits missed,
and unreachable.

Statistical analysis

Given the very low prevalence of unhealthy alcohol
use among women in these cohorts (<1%) (Supple-
mentary Figure S1), our analyses were restricted to
men. Our primary exposure of interest was unhealthy
alcohol use (AUDIT-C > 4) measured at TB treatment
initiation. Any alcohol consumption and AUDIT-C as
a continuous variable were assessed as secondary
exposures. The primary endpoint of interest was a
composite unfavorable TB treatment outcome of
failure, recurrence or all-cause death. Each individual
was only assigned one outcome (first outcome
experienced). Secondary endpoints of interest includ-
ed failure, recurrence, or all-cause death analyzed as
independent endpoints.

As part of our exploratory analysis, we assessed
group-wise differences in unhealthy alcohol use by
baseline characteristics using Fisher’s Exact and
Wilcoxon rank-sum tests. Incidence rates for out-
comes were calculated as the total number of
participants who experienced at least one unfavor-
able outcome divided by total person-time at risk per
100 person-years (py); 95% confidence intervals
(CIs) were based on quadratic approximation to
Poisson distribution.

For our primary analysis, we conducted uni- and
multi-variable negative binomial regression, account-
ing for over-dispersion of outcome distribution, to
measure the association between unhealthy alcohol
use and the composite unfavorable outcome.?® We
used person-time at risk as an offset in the regression
analyses, and reported incident rate ratios (IRRs)
visualized using forest plots. We accounted for
potential confounders identified a-priori based on
literature review (age, BMI, socio-economic status,
smoking, smear grade) and by exploratory data
analysis (location). We also assessed interaction with
low BMI, reported in the literature as a risk factor for
unfavorable TB treatment outcomes.?®-2” Data were
analyzed using Stata v14.2 (StataCorp, College
Station, TX, USA).
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Ethical approval

The CTRIUMPh and TBDM studies were approved
by the Institutional Review Boards at each partici-
pating institution (Johns Hopkins University, Balti-
more, MD, USA; NIRT, Chennai, India; BJGMC and
Dr DY Patil Vidyapeeth, both Pune, India). All
participants provided written informed consent.

RESULTS

Baseline characteristics and alcohol use

Among 751 men, median age was 39 years (IQR 28—
50), 581 (77%) were enrolled in Pune, 415 (55%)
were underweight (BMI <18.5 kg/m?), and 270
(36%) were ever-smokers; 226 (30%) men had fewer
than 5 years of education and 113 (15%) were living
in poverty; 526 (70%) were AFB smear-positive and
677 (90%) were AFB culture or Xpert® MTB/RIF
(Cepheid, Sunnyvale, CA, USA) confirmed (Table 1).

Of the 751 men recruited, 407 (54%) men
reported ever consuming alcohol, and prevalence
of unhealthy alcohol use at entry was 40% (17 =302)
(Table 1, Supplementary Table S1). Men with
unhealthy alcohol use tended to be older, with a
median age of 42 years (IQR 32-50), compared to
those with AUDIT-C <4 (median 35 years, IQR 24-
50; P < 0.001). Likewise, participants with AUDIT-
C > 4 tended to have lower BMI (median 17.1 kg/
m?, IQR 15.3-18.9) than participants with AUDIT-
C <4 (median 18.7 kg/m?, IQR 16.3-21.3). Ever-
smokers had significantly higher rates of unhealthy
alcohol use than their counterparts (61% vs. 28%, P
< 0.001). We also observed significant group-wise
differences in alcohol use by education and employ-
ment, with higher use among the least educated
(57%, P < 0.001) and among the unemployed (45 %
vs. 36%, P < 0.01). Finally, men with unhealthy
alcohol use had a longer median duration of
symptoms prior to treatment initiation (45 vs. 30
days, P =0.002; Table 1).

Unfavorable outcomes

Overall, 198 (26%) participants experienced at least
one unfavorable outcome, including 94 failures, 57
recurrences, and 76 deaths (Supplementary Table S1).
Additionally, 43 (6%) men were LTFU. Median
follow-up time was 15.8 months (IQR 6.1-18.7)
from treatment initiation. The composite unfavorable
outcome was observed at a rate of 23 per 100 py
(95% CI 20-26); 31 per 100 py (95% CI 25-37)
among men with unhealthy alcohol use vs. 18 (95%
CI 14-22) among those with AUDIT-C <4 (P <
0.001). Of 76 men who died, 51 (67%) had unhealthy
alcohol use, 21 (28 %) died during treatment, and 24
(32%) failed treatment (Figure 1).

In our unadjusted analysis of baseline characteris-
tics associated with unfavorable outcomes, we found

that being severely underweight (IRR 2.00, 95% CI
1.35-2.97; P =0.001), smoking (IRR 1.46, 95% CI
1.02-2.10; P = 0.04), having fewer than 5 years of
education (IRR 3.66, 95% CI 2.14-6.26; P < 0.001),
and living in poverty (IRR 1.97,95% CI 1.22-3.19; P
=0.01) were risk factors (Supplementary Table S2).

Association of alcohol use with unfavorable outcomes

In our unadjusted analysis, unhealthy alcohol use was
associated with the composite outcome (IRR 1.99,
95% CI 1.40-2.81; P <0.001), as well as with failure
(IRR 1.92, 95% CI 1.24-2.96; P =0.003) and death
(IRR 2.88, 95% CI 1.69-4.91; P < 0.001). In our
adjusted analysis, unhealthy alcohol use was a
significant risk factor for the composite outcome
(adjusted IRR [aIRR] 1.47, 95% CI 1.05-2.06; P =
0.03) and death (aIRR 1.90, 95% CI 1.08-3.34; P =
0.03) (Figure 2). The direction and magnitude of
association was similar when LTFU was included as
an outcome (Supplementary Table S3).

There was a dose-response relationship between
AUDIT-C and the composite outcome (alRR 1.06 per
unit increment in AUDIT-C, 95% CI 1.01-1.10; P =
0.01). Higher AUDIT-C scores were also significantly
associated with risk of TB recurrence specifically
(aIRR 1.09 per unit increment in AUDIT-C, 95% CI
1.01-1.17; P = 0.03) (Figure 2, Figure 3).

Undernutrition was a significant effect modifier in
the association between unhealthy alcohol use and
unfavorable outcomes. Specifically, underweight men
(BMI < 18.5 kg/m?) with unhealthy alcohol use had
more than two-fold increased risk of having unfavor-
able outcomes (alRR 2.22, 95% CI 1.44-3.44; P <
0.001) compared to participants with both BMI
>18.5 kg/m? and AUDIT-C <4. This group was also
at significantly higher risk of TB recurrence (alRR
2.25,95% CI 1.02-4.96; P =0.04) and death (aIRR
5.48,95% CI2.19-13.72; P < 0.001) relative to men
with both BMI > 18.5 and AUDIT-C <4. Severe
undernutrition (BMI < 16.5 kg/m?) was also a
significant effect modifier (interaction term P value:
0.06) in the association between unhealthy alcohol
use and unfavorable outcomes (aIRR 2.78, 95% CI
1.78-4.34; P < 0.001) and death (aIRR 8.58,95% CI
3.73-19.70; P < 0.001) relative to men with both
BMI > 16.5 kg/m? and AUDIT-C <4 (Table 2).

DISCUSSION

Our study has several important findings. First,
unhealthy alcohol use was highly prevalent and was
identified in 40% of men with active TB. Second,
unhealthy alcohol use was independently associated
with higher risk of the composite unfavorable outcome
and individually with all-cause mortality. The majority
of deaths occurred prior to treatment completion and
among men with unhealthy alcohol use. Finally, low
BMI and unhealthy alcohol use had a combined



Alcohol use associated with poor TB outcomes 185

Table 1 Baseline characteristics of male TB patients by alcohol use

Total AUDIT-C < 4 AUDIT-C > 4
(n =751) (n = 449, 60%) (n =302, 40%)
Baseline characteristics n (%)* n (%)" n(%)" P value*
Location <0.001
Pune, India 581 (77) 382 (66) 199 (34)
Chennai, India 170 (23) 67 (39) 103 (61)
Type of residence <0.001
Urban 598 (80) 378 (63) 220 (37)
Rural 153 (20) 71 (46) 82 (54)
Age, years
Median [IQR] 39 [28-50] 35 [24-50] 42 [32-50] <0.001
18-30 243 (32) 183 (75) 60 (25) <0.001
30-50 343 (46) 165 (48) 178 (52)
>50 165 (22) 101 (61) 64 (39)
BMI, kg/m? (data missing, n = 10)
Median [IQR] 17.9 [16.0-20.5] 18.7 [16.3-21.3] 17.1 [15.3-18.9] <0.001
<16.5 243 (32) 120 (49) 123 (51) <0.001
16.5-18.4 172 (23) 90 (52) 82 (48)
18.5-24.9 285 (38) 195 (68) 90 (32)
>25 41 (6) 36 (87) 5(12)
HIV (data missing, n = 3)% 0.51
Negative 727 (97) 436 (60) 291 (40)
Positive 21 (3) 11 (52) 10 (48)
Diabetes 0.30
No 507 (68) 296 (58) 211 (42)
Yes 244 (32) 153 (63) 91 (37)
Smoking <0.001
None 481 (64) 344 (72) 137 (28)
Ever 270 (36) 105 (39) 165 (61)
Formal education, years <0.001
<5 226 (30) 98 (43) 128 (57)
5-10 358 (48) 215 (60) 143 (40)
>10 167 (22) 136 (81) 31(19)
Employment (data missing, n = 19) 0.01
Unemployed 342 (46) 187 (55) 155 (45)
Employed 389 (52) 248 (64) 141 (36)
Monthly household income, INR (data missing, n = 19) 0.08
<5,000 113 (15) 58 (51) 55(49)
5,000-10,000 312 (42) 182 (58) 130 (42)
>10,000 307 (41) 194(63) 113(37)
Smear grade 0.01
Negative 225 (30) 154 (68) 71 (32)
1+ or trace 279 (37) 159 (57) 120 (43)
2+ 147 (20) 75 (51) 72 (49)
3+ 100 (13) 61 (61) 39 (39)
Culture- or Xpert-confirmed <0.001
Negative 74 (10) 58 (78) 16 (22)
Positive 677 (90) 391 (58) 286 (42)
Symptom duration, days, median [IQR] 30 [20-60] 30 [20-60] 45 [21-90] 0.002

* Column-wise proportions used for total column.
TRow-wise proportions used to assess group-wise differences in alcohol use.

*Based on Fisher's exact test for categorical variables and Wilcoxon rank-sum test for continuous variables.

$Individuals with HIV were eligible to enroll in the CTRIUMPh study but HIV was an exclusion criteria for the TBDM study.

AUDIT-C = Alcohol Use Disorders Identification Test-Concise; IQR = interquartile range; BMI = body mass index; INR = Indian rupee; CTRIUMPh = Cohort for TB
Research by the Indo-US Medical Partnership; TBDM = Impact of Diabetes on TB Treatment Outcomes.

adverse effect. Thus, in our prospective cohort study
where we were able to account for multiple comor-
bidities, we identified unhealthy alcohol use as an
independent risk factor for unfavorable outcomes. Our
results provide strong evidence of the devastating
sequelae of alcohol use on TB treatment outcomes.
While most studies on alcohol and TB failed to use
validated tools to ascertain alcohol use, there is
consensus that alcohol use is high among patients
with TB in India. In our cohort, the prevalence of

unhealthy alcohol use was within the range reported
in other studies from India (22-55%), but higher than
the 20% observed in the United States and 32% in
South Africa.?-14:28:29 Based on our findings, alcohol
use among male patients with TB is substantially
higher than in the general population; 30% of men in
India are estimated to consume alcohol compared to
54% in our study.3°

Our results are consistent with the association
between alcohol and unfavorable outcomes reported
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Figure 1 TB treatment status of male participants who died. Death was defined as all-cause
mortality during TB treatment and up to 18 months post-treatment. Categories of TB treatment
status are mutually exclusive: 1) “Treatment ongoing (failure not confirmed)” includes individuals
who died before completing TB treatment (i.e., within 6 months of follow-up) and who did not
have confirmation of treatment failure. 2) “Confirmed failure” includes individuals who tested
positive for TB using smear or culture during the last 2 months of TB treatment before dying. 3)
“Treatment completed (TB recurrence not confirmed)” includes individuals who died after
successfully completing treatment and who did not have confirmation of TB recurrence. 4)
“Confirmed TB recurrence” includes individuals who died after testing positive for TB using smear
or culture following successful treatment completion. AUDIT-C = Alcohol Use Disorders

Identification Test-Concise.

in recent systematic reviews, but we were able to offer
stronger evidence by conducting a robust multivari-
able analysis in a TB-endemic setting. A recent review
found that non-drinkers had increased odds of
successful TB outcomes (9 studies; odds ratio [OR]
2.0,95% CI1.6-2.4). However, more than half of the
studies included were rated low quality.3! Similarly,
Ragan et al. reported increased risk of death or
treatment failure among patients with TB who used
alcohol (12 studies; OR 2.55, 95% CI 1.77-3.66).1¢
It should be noted that only two studies used high-
quality alcohol definitions such as AUDIT-C, and
only three were from TB-endemic countries. Further-
more, adjusted effect measures were rarely used.
Using rigorous data collection and analytical meth-
ods, our study confirms that unhealthy alcohol use is
independently associated with nearly a 50% in-
creased risk of unfavorable outcomes.

Death was the only individual outcome indepen-
dently associated with unhealthy alcohol use in our
analysis. A recent systematic review concluded that
unhealthy alcohol use was a major determinant of
death among patients with TB, but primarily in low
TB burden settings.3? Our study extends evidence of
this association to high TB burden settings, where
interventions to reduce alcohol consumption are
likely to have a significant public health benefit.

Among men with unhealthy alcohol use who died in
our cohort, about 40% had failed treatment. Nearly
one third of deaths occurred post-treatment without
evidence of TB recurrence. This may be explained by
the fact that alcohol is a risk factor for all-cause
mortality even in the general population.33

Although our analyses suggest that unhealthy
alcohol use is reflective of other social determinants,
it is a modifiable risk factor that could be addressed
during TB treatment. A recent pilot study in South
India showed that TB patients with alcohol use
disorders who received individual counseling sessions
had comparatively better outcomes.'* Other ap-
proaches for integrating alcohol reduction interven-
tions into TB care are being tested in India.3*

There is evidence that undernourished patients
with TB are at higher risk for TB treatment failure
and death.26-2” However, the combined effect of
undernutrition and alcohol on TB treatment out-
comes has not been well described. Addressing this
gap in the literature is particularly important for low-
and middle-income countries such as India, where
14.5% of the population is undernourished.?’ Our
results offer clinically relevant evidence that male TB
patients with both unhealthy alcohol use and low
BMI are at significantly higher risk of unfavorable
outcomes, specifically mortality. Checking AUDIT-C,



Alcohol use associated with poor TB outcomes

187

(AUDIT-C 2 4)

AUDIT-C (continuous)

Adjusted i @——s

Unadjusted <>
Adjusted @

0 1 2 3 4 5

Associated with
death

A Paramet Exposed Unexposed Model IRR (95% CI) P val
arameter Total Event py Total Event py ode (95% CI) value
; Unadjusted —— 1.87 (1.30-2.69) <0.001
Ever had a drink 407 131 473 344 67 393 ! : ( )
containing alcohol Adjusted P 1.62 (1.14-2.31) 0.01
Unhealthy alcohol use 302 106 347 449 92 520 Unadjusted —— 1.99 (1.40-2.81) <0.001
(AUDIT-C = 4) Adjusted boe 1.47 (1.05-2.06) 0.03
) Unadjusted <> 1.10 (1.05-1.15) <0.001
AUDIT-C (continuous) — — — — — = :
Adjusted 0 1.06 (1.01-1.10) 0.01
T T T 1
0 1 2 3
Associated with
composite outcome
B Exposed Unexposed
0,
Parameter Total Event by Total Event by Model OR (95% Cl) P value
" Unadjusted ———O——12.06 (1.30-3.28) 0.002
Ever had a drink 407 65 191 344 29 159 ac : ( )
containing alcohol Adjusted — 1.60 (0.95-2.68) 0.08
Unhealthy alcoholuse 395 54 140 449 43 211 Unadjusted . ——O——— 1.92 (1.24-2.96) 0.003
(AUDIT-C = 4) Adjusted ——— 1.36 (0.83-2.22) 0.25
) _ _ _ Unadjusted <> 1.09 (1.03-1.16) 0.002
AUDIT-C (continuous) - - - g
Adjusted » 1.04 (0.98-1.11) 0.18
T f T T
0 1 2 3
Associated with
treatment failure
C Exposed Unexposed
0,
Parameter Total Event oy Total Event oy Model IRR (95% Cl) P value
By liedl o il 308 33 205 o o " Unadjusted +———— 1.11(0.65-1.87) 0.71
containing alcohol Adjusted ~—e——  1.53(0.86-2.73) 0.15
Unhealthy alcohol use 553 9g 205 364 29 326 Unadjusted '—:—O—‘ 1.39 (0.83-2.34) 0.21
(AUDIT-C 2 4) Adjusted H——@—————— 1.68 (0.94-3.00) 0.08
AUDIT-C (continuous) ~ — — = = = — Unadjusted 0 1.05(0.98-1.13) 0.13
Adjusted hd 1.09 (1.01-1.17) 0.03
T T T 1
0 1 2 3
_— >
Associated with
TB recurrence
D ot Exposed Unexposed Model IRR (95% CI) P val
arameter Total Event py Total Event py ode i (95% CI) value
' Unadjusted | —OG—— L
Ever had a drink 407 59 520 344 17 410 ! : 2.83 (1:55-5.15) 0.001
containing alcohol Adjusted | ——@—— 2.37 (1.24-4.55) 0.01
Unhealthy alcohol use 302 51 386 449 25 544 Unadjusted ;| ———O————  2.88(1.69-4.91) <0.001

1.90 (1.08-3.34) 0.03

1.14 (1.06-1.22) <0.001
1.07 (1.00-1.14) 0.05

Figure 2 Forest plots of association of alcohol use with unfavorable TB treatment outcomes (adjusted). A) “Composite” includes
individuals who experienced treatment failure, TB recurrence, or death within 24 months of TB treatment initiation. B) “Treatment
failure” defined as testing positive for TB using smear or culture during the last 2 months of TB treatment. C) “TB recurrence” defined
as testing positive for TB using smear or culture following successful treatment completion. D) “Death” defined as all-cause mortality
during TB treatment and up to 18 months post-treatment. A, B, C and D were adjusted for location, age, BMI, education, smoking,
and smear grade. Multivariable negative binomial regression used for A, C, and D and multivariable logistic regression used for B. py =
person-years; Cl = confidence interval; AUDIT-C = Alcohol Use Disorders Identification Test-Concise; BMI = body mass index.
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Figure 3 Dose-response relationship between AUDIT-C score and unfavorable TB treatment outcomes (unadjusted). A)
“Composite” includes individuals who experienced treatment failure, TB recurrence, or death within 24 months of TB treatment
initiation. B) “Treatment failure” defined as testing positive for TB using smear or culture during the last 2 months of TB treatment. C)
“TB recurrence” defined as testing positive for TB using smear or culture following successful treatment completion. D) “Death”
defined as all-cause mortality during TB treatment and up to 18 months post-treatment. The y-axis represents risk of outcome. py =

person-years; Cl = confidence interval; AUDIT-C = Alcohol Use Disorders Identification Test-Concise.

height and weight may be a simple screening tool at
TB treatment initiation to identify high-risk patients
in need of additional services, such as alcohol
reduction counseling.

Our study has some limitations. First, we were not
able to report detailed adherence data. Future studies
should incorporate robust adherence measurements.
Second, women were excluded from our analysis.
However, in India less than 1% of women have
alcohol-use disorders, and worldwide, women consis-
tently use alcohol markedly less than men.” Third, we
did not report on a few key comorbidities, such as HIV
and mental health disorders. Finally, as our analysis
was limited to baseline alcohol use among patients
with drug-susceptible TB, we could not comment on

patterns of alcohol use among MDR-TB patients.
Despite these limitations, our study has several
strengths. First, we analyzed data from well-charac-
terized cohorts and conducted rigorous adjustment for
confounding factors, which is generally lacking in the
literature. Second, our overall sample size and
exposure group was relatively large compared to other
studies on this topic.'® Finally, we pooled results across
two cohorts within a programmatic setting in a TB-
endemic country, enhancing generalizability of results.

CONCLUSIONS

The prevalence of unhealthy alcohol use among men
with TB in India is high, and there is clear evidence
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P value
0.15
0.09

<0.001
0.08
0.01

<0.001

Death"

IRR (95% CI)
Reference
2.04 (0.77-5.42)
2.15 (0.88-5.24)
5.48 (2.19-13.72)
Reference
2.00 (0.93-4.34)
3.11(1.28-7.57)
8.58 (3.73-19.70)

P value
0.14
0.32
0.04
0.12
0.31
0.06

IRR (95% CI)

Reference
(0.80-4.94)
(0.68-3.26)
(1.02-4.96)

Reference
(0.87-3.56)
(0.69-3.29)
(0.96-4.79)

.98
49
25

TB recurrence’
1

1
2.

1.76
1.51
2.15

P value
0.29
0.44
0.09
0.98
0.29
0.07
Alcohol Use Disorders Identification Test-Concise.

Treatment failure*
OR (95% Cl)
Reference
0.62 (0.26-1.50)
0.77 (0.39-1.50)
1.68 (0.92-3.07)
Reference
0.99 (0.54-1.83)
0.67 (0.32-1.41)
1.76 (0.96-3.25)

0.69
0.48
<0.001
0.40
0.46
<0.001
body mass index; AUDIT-C

P value

odds ratio; BMI

Composite®
IRR (95% Cl)
Reference
(0.64-1.96)
(0.75-1.86)
(1.44-3.44)
Reference

1.12
1.18
2.22

4
4
4

Severely underweight and unhealthy alcohol use

<
>

BMI < 16.5 + AUDIT-C < 4
BMI < 16.5 + AUDIT-C > 4

BMI > 18.5 + AUDIT-C >

BMI < 18.5 + AUDIT-C

BMI < 18.5 + AUDIT-C

BMI > 16.5 + AUDIT-C > 4

incidence rate ratio; Cl = confidence interval; OR

BMI > 18.5 + AUDIT-C < 4
BMI > 16.5 + AUDIT-C < 4

Table 2 Risk of unfavorable TB treatment outcomes among underweight participants with unhealthy alcohol use*

"Includes individuals who experienced treatment failure, TB recurrence, or death within 24 months of TB treatment initiation.

* Defined as testing positive for TB on smear or culture during the last 2 months of TB treatment.
8 Defined as testing positive for TB on smear or culture following successful treatment completion.

* Adjusted for location, age, education, smoking, and smear grade.
Defined as all-cause mortality during TB treatment and up to 18 months post-treatment.

Underweight and unhealthy alcohol use

IRR

that unhealthy alcohol use adversely affects TB
treatment outcomes. Specifically, compared to mod-
erate or non-drinkers, male TB patients with un-
healthy alcohol use are nearly two times more likely
to die within 2 years of TB diagnosis. Those with both
low BMI and unhealthy alcohol use are at highest risk
of experiencing unfavorable outcomes. To improve
TB treatment success and prevent premature death,
alcohol reduction interventions are urgently needed
and should be integrated into TB care in high-burden
countries.
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RESUME

CONTEXTE : Environ 10% des cas de TB dans le monde
sont attribuables a I’alcool. Les preuves associant
I’alcool a un mauvais résultat du traitement de la TB
sont faibles.

METHODE : Nous avons évalué prospectivement des
hommes (>18 ans) atteints de TB pulmonaire en Inde
pendant une durée allant jusqu’a 24 mois afin de
rechercher I’association entre consommation d’alcool
et résultats du traitement. Une consommation abusive
d’alcool a été définie comme un test de « Alcohol Use
Disorders Identification » (AUDIT-C) > 4 a ’entrée. Les
résultats défavorables du traitement ont inclus I’échec, la
rechute et le déces toutes causes confondues, analysées
comme parametres composites et indépendants.
RESULTATS : Parmi 755 hommes, nous avons identifié
un abus d’alcool chez 302 (40%). L’age médian était de
39 ans (IQR 28-50), 414 (55%) étaient maigres (indice

de masse corporelle [IMC] < 18,5 kg/m?) et 198 (26%)
ont eu un résultat défavorable. L’abus d’alcool a été un
facteur de risque indépendant de résultats composites
défavorables (taux d’incidence ajusté [IRRa] 1,47 ; IC
95% 1,05-2,06 ; P=0,03) et déces (IRRa 1,90 ; IC 95%
1,08-3,34 ; P = 0,03), spécifiquement. Nous avons
trouvé une interaction significative entre AUDIT-C et
IMC ; les hommes amaigris ayant une consommation
abusive d’alcool avaient un risque accru de résultats
défavorable (aIRR 2,22 ;95% CI 1,44-3,44 ; P < 0,001)
comparés aux hommes ayant un IMC > 18,5 kg/m? et
un AUDIT-C < 4.

CONCLUSION : L’abus d’alcool a été indépendamment
associé a des résultats défavorables du traitement de la
TB ce qui met Paccent sur le besoin d’intégrer des
interventions efficaces relatives a I’alcool dans la prise en
charge de la TB.
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